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Abstract:

BaSO4:Dy samples for different doping concentrations have been synthesized by co-
precipitation methods. TL glow curves of BaSO4:Dy samples after irradiation with y-rays have

been recorded. The observed TL glow curves show a complex curve consisting of two sharp
peaks at Tm= (385-393) K, (436-445) K and a daughter peak at Tm( 405-410) K respectively. Trapping

parameters of the TL glow curves are also evaluated using CGCD technique.
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Introduction:

In the last three decades, many new thermoluminescent (TL) materials have been studied for
the application in radiation dosimetry and detection. The commonly used TL materials are
CaSO, and BaSO, doped with rare-earth elements because of their high thermoluminescent
sensitivity and their negligible fading[1&2] Among the TL materials, BaSO, is well- known
material used for TL studies because of the application in personal and environmental
dosimetry [3]. Thermally stimulated luminescence (TSL) of BaSO4 both natural and synthetic
doped with various impurities has been extensively studied [4]. Some workers reported that
BaSO4:Ln( Ln= Sm, Eu, Dy, Tm) have extremely higher TL intensities than that of CaSO4:Dy and
CaS04:Tm, which were used in radiation dosimetric applications [5].

The above investigations influence us to study the thermally stimulated luminescence of Dy
doped BaSO,; samples. In the present study, Barium sulphate doped with different
concentrations of Dy is prepared by chemical method [6-10]. The kinetic parameters of the
recorded TL glow curve of vy-rays irradiated phosphor are calculated. The variation of TL

intensity for different concentrations of Dy is reported.
Sample preparation:

The starting chemicals are barium chloride (BaCl,.2H,0, 99.9%, Aldrich), dysprosium nitrate
[Dy(NOs)3.H,0, 99.9%, Sigma Aldrich], Concentration sulphuric acids (H,SO4, Merck, AR grade).
In a typical synthesis of 0.27 mol % of dysprosium, BaCl,.2H,0 is dissolved in distilled water
along with 0.27 mol % dysprosium nitrate. The solution is stirred homogeneously with the help
of a magnetic stirrer. Concentrated H,SO, is added drop by drop to the solution until the
precipitation is completed. The precipitate (BaSO4:Dy) is collected and washed repeatedly by
distilled water till the excess acid is removed. The sample is kept in an oven for 1 hour and then
annealed at 870 K for 1 hour and made into powdered form. The sample thus obtained is
BaSO,4:Dy. In the similar way, the different samples of BaSO,4:Dy for different concentrations of

Dy at 0.34, 0.20, 0.13 and 0.06 mol % respectively are prepared.
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Theory:

Gartia et al [ 11] and Rasheedy [12 ] wrote the equation governing the non first order (b # 1)

kinetics including the second order (b=2) kinetics in TL as
()= S0 = s(n/NJexp (E/KT), &

Where n is the number of electrons trapped at the trap centre at the time t, N the
concentration of trap centre, s the frequency factor, b the order of kinetics, k the Boltzmann
constant, T the absolute temperature and E is the activation energy.

Defining a filling factor, f=n,/N and using linear heating rate B, such that T=T,+Bt, one
obtains the equation for TL intensity I(T) governing the non-first order kinetics including the
second order kinetics as

-
I(T) = N f°s exp (-E/KT) [1+(b-1)f *'s/B j exp(~E /KT ")dT'1™* 2, (2)
To

Results and Discussions:

Figure 1 shows the XRD patterns of as prepared BaSO4:Dy (0.27 mol% of Dy). The XRD data

are analyzed by H’Pert High Score and show that all the diffraction peaks are orthorhombic
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Fig 1 XRD patterns of BaSO4:Dy (0.27 mol% of Dy) Sample
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structure (ICDD Ref. No. 00-046-1415). TL glow curves BaSO4:Dy samples for different
concentrations of Dy annealed at 873 K for 1 hour are recorded after irradiated with y-rays for
504 Gy with a linear heating rate of 2.23°C/s as shown in Fig 2. Here, curves a, b, ¢, d and e
show the TL glow curves of BaSO,4:Dy for different concentrations 0.06, 0.13, 0.20, 0.27 and
0.34 mol.% of Dy respectively. In each TL glow curves, two prominent peaks at around (385-
393) K and (436-445) K respectively are observed. There is also another peak at around 408 K,
which is less prominent as compared with the two peaks. The presence of such a shoulder peak
can be seen more distinctly for the sample of a particular concentration of Dy (0.27 mol.%) than
the other concentrations of Dy. As observed, the TL intensity increases with the increase of the
concentration of Dy. This is because of the fact that the number of defect atom in the crystal
increases with the increase of the concentration of dopant (Dy) within the saturation condition
and consequently increases the number of recombination of the holes and electrons such that

maximum TL is observed.
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Fig.2. TL glow curves of BaSO,:Dy for different concentrations of Dy and irradiated with y- rays for 504Gy.
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To analysis of the observed TL glow curve, the glow curve of BaSO4:Dy for a particular
concentration of Dy ( 0.27 mol %) irradiated with 504 Gy of y-rays has been selected and
recorded with a constant heating rate of 2.25 2C/s (Fig.3). There are two prominent peaks at
temperatures 388.6 and 439.9 K respectively. And, to identify the number of peaks present in
the complex glow curve, thermal cleaning method is applied. In this technique, the sample has
been heated upto 400 K and recorded TL glow curve as shown in Fig. 4. It shows a TL glow curve

consisting of two peaks with peak temperatures at 410.6 and 440.3 K respectively.
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Fig. 3 TL glow curves of BaSO,:Dy irradiated with y-rays for 504 Gy.
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Fig. 4 TL glow curve of BaSO,:Dy irradiated with y-rays for 504 Gy after thermal cleaning (Tc=400K).

Again, the sample has been thermally cleaned upto 428 K and recorded TL glow curve as shown
in Fig. 5. It observes an isolated peak having a peak temperature T,,=442.8 K. Thus, it is able to
know the presence of three TL peaks of y-irradiated BaSO,4:Dy in the temperature range (373-

473) K. Bhatt et al [6] also reported the presence of three peaks in BaSO4:Eu phosphor.
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Fig.5 . Isolated TL glow curve of BaSO4:Dy irradiated with y-rays
for 504 Gy (after Tc=428 K) .

To determine the trapping parameters of the TL glow curve of y-irradiated BaSO,:Dy, the
isolated peak with T,,=442.8 K is selected. The half width at the rising portion, (1) and half width
at the falling portion,(8) of the glow peak are 18.9 and 17.6 oC respectively. The full width at
half maximum intensity (o) is 36.452C and the shape factor (ug=3/®), which indicates the
order of kinetics is found to be 0.48. As pg > 0.42 but less than 0.52, the TL glow curve is neither

first order nor second order but of the non-first order kinetics. Using the peak shape formula
Eo= [(AckT?m)/0t] + BokTr. (= 1,8 and o), (3)

where,

A;=1.51+3 (ug-0.42),  B.=-3.16- 8.4 (g - 0.42)

As;=0.976+7.3 (n-0.42), Bs= 0

A,=252+10.2(n-042), B,=-2
one can easily determine the activation energy (E) of the observed glow peak. The values of E,

Es and E,, of the isolated peak are 1.33,1.33 and 1.32 eV respectively.

By using the activation energy obtained in the above methods as input parameter, the curve
fitting technique [8,11 &13] is used to fit the isolated peak as shown in Fig. 5. The curve fitting
of the isolated peak is shown in Fig.6 with the kinetic parameters such as activation energy E =
1.32 eV, frequency factor s = 1.8x10™*s™ and order of kinetics b=1.3. The overall fitting is good
and the misfit in the falling part may be due to the presence another very small peak at the

higher temperature side.
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Fig.6 Curve fitting of isolated TL glow curve of BaSO4:Dy irradiated with
y-rays for 504 Gy (after Tc=428 K).
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Fig.7 CGCD of TL glow curve (after Tc=400K) of BaSO,:Dy irradiated with y-rays

for 504 Gy.

Computerised glow curve deconvolution (CGCD) technique [8,11 &13] is used to decode

the complex glow curve (Fig.4) recorded after thermal cleaning to the sample at Tc = 400 K. The

TL glow curve is deconvoluted into two peaks having activation energies 1.17 and 1.32 eV

respectively and shown in Fig 7. The order of kinetics of both the peaks is found to be 1.3. The

frequency factors of the two peaks are 6.3x10" and 1.7x10** s* respectively.

Finally Fig. 8 shows the glow curve deconvolution of the glow curve (Fig. 3). The curve

can be nicely fitted with three peaks of activation energies 1.06, 1.17 and 1.32 eV respectively.
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AMoNtt £ie 8 CGCD of TL glow curve of BaS0,:Dy irradiated with 504 Gy of y-rays. fectories
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Conclusions:

TL glow curve of y-irradiated BaSO,:Dy sample contains three peaks with peak temperatures at around
389, 408 and 440 K respectively. The complex glow curves of BaSO,:Dy can be analysed using the non-
first order kinetics model. The TL glow curve can be deconvoluted into three constituent peaks having
activation energies 1.06, 1.17 and 1.32 eV and their respective orders of kinetics are found to be 1.5, 1.3

and 1.36 and also the frequency factors of three peaks lie between 9.9 x10* and 2.3 x10** s™.
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